One of the buffers namely Tris (Tris-(hydroxymethyl)-amino methane) was used to 18 increase the growth of microalgae by stabilizing the pH value in microalgae cultures. 19
Introduction 33
The rising global demand for energy is a serious issue with respect to fossil fuel 34 depletion and carbon dioxide emissionslinked to global greenhouse scenarios. Carbon 35 dioxide is the most important anthropogenic greenhouse gas. Biofixation is the only 36 economically feasible and environmentally sustainable technology in the long-term 37 (Kumar et al., 2010) . This biomass which is produced by converting carbon dioxide can 38 be used to create products of high value, such as fatty acids, biodiesel, biogas, ethanol 39 and organic fertilizers (Lopes et al., 2008; Giordano et al., 2014) . It is worth noting that 40 microalgae with 70% oil by weight can produce 23 times more oil compared to oil 41 palm, the current major biofuel producer (Wang et al., 2009 ). The principle of 42 biological fixation is that carbon dioxide is used to provide the carbon source for 43 microalgae in the photobioreactor. Microalgae are known to contain large amounts of 44 lipids within their cell structure, and so they are increasingly attracting interest as a 45 biofuel feedstock. Microalgae photosynthesis will not produce any additional carbon 46 dioxide while energy production and nutrient utilization for their growth can beachieved sustainably (Kumar et al., 2010; Pittman et al., 2011) . 48 removing the nutrient from wastewater (Shi et al., 2007; Imaizumi et al., 2014) . It is 51 spherical in shape, about 2-9 μm in diameter and without flagella. Although no useful 52 microalgae have been found to be useful for carbon dioxide sequestration, Chlorella sp. 53 has good commercial values and can grow under a high carbon dioxide concentration of 54 40% (Sakai et al., 1995) . It is regarded as one of the most important energy microalgae 55 due to its high protein accumulation, high lipid content and product variation (Das et al., 56 2011). The lipid content of Chlorella sp is about 32 ± 34% of the dry weight (Chiu et 57 al., 2008). In addition, the carbon dioxide fixation rate is 0.68 mg L -1 day -1 (David and 58
Prabakaran, 2012). They produce approximately half of the atmospheric oxygen and 59 when used simultaneously the greenhouse gas carbon dioxide can grow 60 photoautotrophically (Melanie, 2013) . Indeed, Chlorella sp. is suitable microalgae for 61 CO 2 mitigation and biodiesel production. 62
The process of microalgae cultivation is influenced by many factors. Nitrogen and 63 phosphorous are two of the key factors in algae growth. The relative amounts of such 64 essential nutrients required for growth and reproduce differ among algae species. 65
Furthermore, the type of cultivation conditions for microalgae also need to be 66 considered significantly. Phototrophic cultivation is the most commonly used 67 cultivation condition for microalgae growth (Yoo et al., 2010) . Namely photobioreactor 68 is a closed system which is used to cultivate a single-species culture of microalgae for 69 prolonged duration. It produces a large amount of microalgae biomass, which is about 70 13 times as concentrated as the biomass found in a raceway pond (Chisti, 2007) . Bubble 71 column reactors owe their many uses to their excellent mass and heat transfer 72 characteristics. It is easy to construct and operate and has high surface area to volumebe significant phased back-mixing occurring. It is difficult to scale-up due to the 75 complex interaction between the faces. The sole source of agitation is provided by the 76 isothermal expansion of sparged gas (Chisti et al., 2006) . 77
In previous studies, the cultivation of microalgae has incorporated the use of organic 78 buffers to increase microalgae growth. Tris (Tris-(hydroxymethyl)-amino methane) is a 79 buffer used to stabilize pH in microalgae cultures (Suzana et al., 2008) . However, Tris is 80 very controversial because the efficiency of pH stabilization has not been clearly 81 demonstrated (Fabregas et al., 1993) . In addition, the harmful effects of Tris have been 82 observed in some phytoplankton species and freshwater algae (Harrison et al., 1980 
Bubble column photobioreactor 112
A diagram of the experimental pilot used in this study is illustrated in Fig. 1 (from the air pump), the carbon dioxide gas and gas mixture, respectively, the carbon 125 dioxide /air mixture at 2.0 L min -1 flow rate was adjusted to achieve an air stream with 126 5% (v/v) of carbon dioxide. All experiments were carried out in batch mode. 127 
Biomass concentration analyses 138
Cell density was determined each day using a hemocytometer (Germany) under a 139 microscope (Eclipse E50i; Nikon, Tokyo, Japan). Free-living algal growth wasdetermined daily (4 times per day). Cell density was measured by putting an algae 141 sample onto the mirrored surface of the Neubauer counting chamber. Then it was placed 142 under the microscope for cell counting, according to the Fuchs-Rosenthal and Burker 143 method. The formula to calculate the cell density after counting is x 0.25 x 10 6 , with 144 being the average number of cells in 4 squares. When the cell density from the above 145 method was obtained, calculating the dry mass was done using the formula for the 146 standard curve equation. 147 
